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Assessment of two nondestructive assays for detectingglyphosate resistance in horseweed (Conyza canadensis)
Ctiffiird H Koper
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Iwo repul, msdesirucnve OUaes core L77wisped and tested fOr their 1’ teOt:d in
I r

I I uSpial 0. tt [3 Pus 01 hi tsrsod in one assay, leaves of glyphosatsars.sistsnt and -susceprible corn, cotton, and
‘ t 0 Olt

Op med ri solutions 0i 0 800 tOo t d i 2P0 tog ae J glpbosatc tot 3 3 mdthseciuen: Inturi 55 us evaluated. In tO second essay, 1,’latit sensitivity- to s-phosatcsvaa evaluated in v.ivo bineubati.n eacised leaf disc tissue from the sa me plantssec in tho 0 sr S v n 0 7 1 1 6 5 0 ( ) 1 42 ann 84 8 e e
v it at t i( B a 0 pmet, The leaf dip assay diffOrentia..ted between glyphosare-oesistant a.rtd. nusceptibie

r i to s 1 Iii I 1’
ii I

it dtfrc let i in 051st n a itt user pttbk pl rnts cornhnrccl ta oh rho 3u0 oPI 200 tog .0° rates. The N viva assay detected sigrtifiesin P differences between sus--ceptibli: and elvphos.atc-res:stant plants of sO species. hhi.kirnate aceumuiatcd in aglyphosate dose—dependeist manner in leaf discs from susceptible crops, but sh.ikhmate dd nor accutnul,ire n leaf discs from resistant crops, and levels were similarto nontreared leaf discs Shikirnare accumulated at lugh 21.1 0kg ae 177) con—ceistrations of tlyphosare in leaf discs from all hodewin.d hihtvpes Shikimure se
ct n land it to ml pf a ire urro t c iv B c rn. P , in It. 3 . trsusceptible horseweed hiotvpes but not in resistant biorypes. Both assays were ableto dtffercntiatc resistant horn susceptible- biorvpes of horseweed and could haveutility fOr screening other weed populations fOr resistance to glyphosate.

Nornendautre: Givphosare: horscsvc-cd, Crsnyzu cauadi’nsrs (P.i Cronq, EIUCA;corn, Zea maya L ‘Dekalb 687RR’, ‘Pioneer 31B13’; cotton, Goszypium hinrutum L‘Delra and Pine Land 444RR’, ‘Sttregrosv Sos; soybean, (S1yezze max (1 3 \-Ierr.‘Delta and Pine Land 4748’, Asgrow 4702RR’.

toted States; bucidtorn plantain i,fhvissggc’ /aflcCOtilii P.
from S outh Africa; and hairy 11 eahane [honyza bonariensis
(P3 Cronni from 77mb Africa have also been documented
(Heap- 2004; Lee and Ngim 2000; Perez and Kogon 2003;
Powles et al, 199.8; Pratley et at I 9998

(Oivphosate resistance in biorvpes of horseweed in theI fired States and igid me to in Au tra0i is due to lirytted
15 lo vol ho a ‘ r ii i

(Feng et al. 200; Kc:ger and Reddy 2005; Lorraine—Colwill
On

0 i apt in r litot n i ii d p m 77t ss0 b op pe n vtalavsia0
-- -ho iI;t’U nue. rim afl a 0: soOn us m-—cn’..:o’,-s ‘.5- ‘O,flsivt :sa: c—c pt: 5:5---photo sytsthatse (LP-SPS’i (Baemsc,ri er a1, 2002; 3 imarsnataand Pent: er 7004)

A he s-eiectio- ::s I sves-52 Ott: typos mc Os taut to t.riyptio.sarc
alarms many erowers. rese:arche’rs-, and. ctoip consultants

control of weeds with glyphosate naught no.): be bevause of
ost t t 15 e c b ul t F t.I ca!. 2004h) or large p1ant size at time of application (Chach-ohs et tI, 200lt. It is crit;ctl to u;ekle dc:termit:c’ whether
poor control by glyphosate is bee:ause of resistance or somee:tht’r factor so thards :‘ tactatath t flop tiation ,,Sit h eon -

tattied s-s-itl: alternative weed managetne. mit strate5’ie-s A raped
and ease assao rh at Ca a dots--- ram I. tc wIser he: sf1 h.o-sa,t:- remit-
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Glyphosate is a systensic, nonselective herbicide that hasbeen. used for 0 20 yr tti control 1:-nost annual arid peretsnialnsomoscot and dicot weeds (Blackshaw and Harlot 2002;
Faircloth er ai. 2001; Cower em al. 2003; 099cr et a-I 2-0:05.-;
Scott et al 2002; Show and Arnold 20025 Wilcut and Askew
I 990), Crops resistant to giyphosatt: have been wideN
adopted by growers it-s tltetinited State’s a-tad provide a
pie, broad-spe’crmnns ‘weed contiol option in earn, cotton
arid soybean pmodnetion systems (Reddy and Koge-r 2-005)
N lore thor: 80 and. 6077o.f the s -myhean arl. cotton hect:a-
me:age. h-vspe-ctively; ‘,n the LI-Kited States were pante. e-o
is j Ct 0 is: its It J 1 -‘r i 700 ‘1 81)4 :AS

Ret-settee-I Use of olvptstasa:-e over year:s its CR e:ro:ss as well
as- none:mO’,--: areas has res:alte:cl in tO-:--- sc Cc - ion :a(wes-:ds mm
sistatst to gh’phosate Resistance to gly-phcisate .l.s.as been
tdetncl in hcn--se-s-vecel biorypes- fte-::-ns S e’law:—:’,te )\.S.ts(7.:nei
Ji tOl Se n as Nt ci’ i t 20 3 Misis ip t Koget
e’t al. 2004a), nd Kc-t: rut 5)-’, fncli,atsa, Maryland, New Jersey,
[dIsco, Arkansas, atiel North Carolina (I leap 2004). CR
horseavee-d hiots-pes infesr over 100.0(11) ha in the Lf1nitcl
States, (Heap. 20(84). CC bion-pes of goosd:i’ras-s INcus/ne
ottO l C t ttti fr ns \I l Ott 1 IrOlt I iC 0 (1 1
n’/r/C J,a -a Ij (
Sti Sn Ceymoriso Ia adS’ f tusi-mstiia ,Sourls Afr;ca. and the



tanee exists in a population would he a usefdl tool to grow
cis and v-var’Lhees alike.

r z nul p mi u 2 for r rniIL. h u if i

Beekie et al 2000 Field and rcenhurtsc w}roic-pbnrr

screstis are the most wide.lv used a..nd definitive, Drawbacks
to these types of assays ate the time t.equi.red to c.ornplete.
the rests and expense. A. potential alternative, to whole-pla.nt
sereerirn to initi:2h seresu a population wrth a nmpls’t
rest with tIn use of scOt. pollen or exeO-d lint tissue,

Atic population that appeal to F0 sIsrani Ito the orplcr
test ean he furt.her exs..m.ined with mote definitive assays.
Howeve.t, an e.atly answet would be valuable because most
weed management decisions muss be made early in the.
rrowifla season befbre pla.ttt.s mature and develop seeds.

Lc 1 1 , Ifi 1 iv

plates eontai.ning a range ot glyp.hosaro cv.necnttanorrs and
measure toot or ‘shoot length 4 to S d after treatment (.Es
codal et al. 2001; Pe.rez and Kogan 2003), Another assay is
to soak seeds in givphosare solutions a.nd then plant the

S 0 1 , 2°fl r , k a r
i mm Its t r ‘F1 i. rr

- i 1 2

and hA, solutions of glyphosare, whereas seeds ceintaining a
GR gen.e gyrmina.ted at all con.cen snions, One major draw
back of both the petti plate and pot assay is the need for
seeds. Tb screen weed popul.ations frerm the field, seeds have
to be collected and dormancy broken befiarn running the
assay. Tlie time requi re.d to ohtan seeds that will cerminate

results in more time needed to determine whether a popes

lation is resistant or susceptible and the possibility that seeds
from resistant plants have already dehisced or migrated to
noninfested areas.

Boursalis (2001) used a quick re_st to screen for herbicide
resistance in several grass species. Shoot cuttings were liar—
vested from rigid rs’egrass that had survived herbicide treat
ment, in the field and were treated 7 d after cuttings were

cultured in the greenhouse. Resistance to both acetyl-CoA
carboxylase and acerolactate synthase in.hibitors we.re con—
firmed. by thi.s method. The assay was relativel..y quick (3 to

Pa al . ii_

— , ti— w ,

I flI tic t ‘ 051 .v t1.. es I I

requires ext.g.nsive manipulation of plant mate.rial and would
only be practical on species in which cuttings’ are easy to
culture, -

to iv ‘abate eaves ri herbicide. solt.,txon liv rvcdate1. a P er

of hoes c esis is ‘a ‘ai hn,ir d sr b t1ulat 1 10

cation or an altered. target site mutation,, it is possible that
leaves of tesi.stan.t pl.an rs, compared with leave..) of suscentible

x ‘ 1s ‘rh r 0

to vi te-trea ted i’ ,c .‘‘ I’d be an ot.hcr a ltt”mn ris.’it tnt

sews g at ted pnosn test i it pot to ‘ ‘in
petitive inhibi.tion ol.EPSPS by glyphosate results its unicon
trolled flow of carbon and. subsequent accumulation of shi
Fin r ir d plant trims ‘Rtesnah n Or 2 2001 1

—
a01— I 10 t

ms-thud t detect g1:clrlsoseir’ resistance. In this esas’. leaf

Ass , rout iii ‘a.l nCi ‘a

of gl.vphtssate 1.0 16’ to 23 Ii, ant.i t.h.e arn.outi’t of’ shikimate

a.ccuniulated itt the dis.cs is: measured with a’ spe.ctrophotona
. I

one!’. I lie assay Cafl in uses, in 01i,si ouno ocuscen sns.ca
tiNe and glvphosarc-rcsistanr eros cspnessnig an insensitive

p sfw F I i ‘ant r1 I

phosare resistance be cause of” red.’uec.-d. translocation of glv-
phosare to the growitsg g’oints f piatsts.

‘The c.bjeenivt’s of this research we’re (1) to test nvo assays,
a I un r’a I 52 Si r r es 1ei’ ci il .,n t in

Otto ,tcs,as’ measurIng snlkimsitc we un ulatron tn e,s.eist if car

1 n i n N
-,

it

and susceptibit’i crop varieties arsd I’v..irsewced Laiouy.pes and
(2.) to test the ability’ of both as.says to dete.:t resista.nce in.
suspected glvphosare.-’resistant’ populations of fiel’.d.-grown
horse’weed.

Materia!s and Methods

General Information

Seeds of CR corn Dekaih 657RR’. cottots OP 444RR’,
‘a I so a he -\s,r-o 5 4 1 ‘a R r Pt

Ar- -.
‘ I

and lame 1.ani 4748. is-etc planted 2-cm-deep in individual
11 -‘em--diani pots containing a mixture of soil I Bosker sandy
loam, fine-loamy, rrfixe’d the’rniic ).“4o.ii,c Hapiudalfi) and jifi”
.M.ix potting soil’ (1:1, vIv). Pots ivere s’itbirrig’ared with dis
tilled water (L)W) as needed fiat the first 10 d after planting,
after wfuch, pots were si.it irrigated with D\V every third day
and a 1 Ar Hoagiand solufion tHoaglaud and Arnon I 950)
evorv 10th 2ass After emergence, plan iv were thinned to
three plants per pot. Plants were grown in a growth chamber
maintained at 25/22 C day/night temperature with a 12-h
phoroperiod (200 (imOl m2 s”a) and 75% relative humid
tv. Plants were in the three-leaf urowtfm stage and were 30

en rail (corron and soybean) to 40 em tall (corn) when
leaves were harvested for use in leaf dip and leaf disc assays.
Plants of CR corn, cotton, and soybean varieties will he
referred to hereafter as RRCN, RRCT and RRSYi respec

tively, a.nd plants of conventional non-Ci’R corn, cotton, and
varississ stilt he tefes id To hmeaftcr as (21

, ci .7
a es—. 7 —

grown planr.s in Arkansas ,.A.R). Delaware (OF), and si,is

sissippi (MS). One resistant and one susceptible biotype
were collected from each state, Seeds of re..sisrhnt biotypes
from .1215 (Ton lea Con ntis) and AR (Lasvrence County) wIre
s’nlic-c’sr--,l from’ i.dstrsts rh,at survived at least ns..”c atwitca ‘ions.’

2 1 1 lI i

yr niccia 0 wsisc 0 blofr 5rc,a awsex ‘ ia in > TiE

were c’ollected from plants that survived at least two in
seasot 54 se na appl’m ons o yls ph at5 ,n no—

11 lie ci’ rIse t.H’sc.d be’.err “-‘lan tAr i.e C it, isovbea.rr for cc’

on ti rio ccl- as ret 05’-, tto weep ie,’ar’c taccai.,.sc “1: . i’. .rei.r. reel wart
Iocat.ic’n 0f’iC-g.iyphosate from site of’ applic:ation as re
ported in Koger and Reddy (2005). Seeds from pla.nrs of
susceptthle biorypes were collected from n.oncrop •areas in
the same counties as nhetn respeerls-e resistant hints-pet. Seeds

in separate scrc-ss’-e,,ta list re’ hot tics n the hark
-i A until further ne.

Ssct’.ids of cslci.s ho rsesveed F ,o rope wcre pIstil t’c.d in the
grew o ‘a (a ‘22 2 no mgi tot es ow) r I S b 1



Isv 0 em trays containing a imature of sot1 Bosker sandy
loans, hncdoarnv, mived therrnic Molie H apludalls) and JifiF
Mx potting soil’ (1:1 vie). Sands were spread on top of
the soil and subu.rigated with D’F After em.ergenee, week
lings in the vot ledon growth state were transplanted to I I -
ens-di.am pots containing p.or.ting soil. Plants weor tra.ns
ferred to the growth chanbet and maintained at 2502 C
day ihr tenspetarute with a id-h pbotoperod (200 nsolm s 1) and Sths relanve hurnid:ty, Plants were subirri
gated with ldP as needed. loungest hilly expanded leaves
ot pUnts to the 33 o 3S h if towth taw I 3 em-that
o tsemte) were harvested ht use in both aSsays. Plants of these
resistant and susceptible horseweed hiorypes will be refErred
to hereafter as ARE and APS tiat the two AR hiorvpes. DEli
and DES for the two DE biotypes, a.nd IvISR and MSS for
the two MS biocypes, respectively

iaves were collected from suspected. CR, field-growrs
horseweed plants growing in a CR soybean field near Be
nod. MS idolivar County), and three CR cotton holds near
\XAlls,MS (Dc,Soto Countv’i. For the soybean field. CR
soybean had been grown in the field each year since 200.1
One GR cotton field was pla.nred to CR soybean in 2000
and GE cotton tn 2001 through 2004. ihe two remaining
cotton fields have been pl.anted to CR cotton each year since
2001 Leaves were collected from plants that had survived
at least rwo applications of 0,84 kg ha glyphosate. Leaves
from suspected glyphosate-suscepmible horseweed plants were
also collected from plants growing in a noncropped field of
the Mississippi Stare University Delta Branch Experiment
Station near Stoneville, MS (Washington County), and
three noricrop roadside sires near Trnica, MS (Tunica Coun
ty); (Zlarksdale, MS (Coahorna. County): and Cleveland, MS
(Bolivar County).

Plants of the suspected GR hiouypes (Bio) will be referred
to hereafter as Biol (Bolivar County) and Bio2, Bio,3; andBio4 (DeSoto County), respectively. Plants of the suspected
glyphosate-susceptible biotypes will be refetted to hereafter
as Bio5 (Washington County), B1o6 (Tunica County), Bio7
(Coahoma County), and Bio8 1 Boilvat County). respective
Ly. Plants of Biol and. Bio5 were 140 to 180 cm tall and
flowering when leaves were harvested fbr us.e in the leaf dipanti leaf disc assays. Plants of all other bioprpes were 45 to
90 em tall anti in the vegetative growth stage when leaves
were harvested.

Leaf Dip Assay

IS.. top tf p Iii t 5 Sc 9 yc I

ocn plaits ow iii cp nOw Ic t C ol )9.,) crow tie
voonees r ve.ho rl of leaves of horseweed plan ts., cod rh e ;eoc: cl
ots Ii Il p flu..d ,e t or ot mc ann C Us 19 i uSc 15chsd.irsg the petiole. were excised En m each gIant with a
sca.lpel. The bnttom 2 84 cm of eat segune..nr acid
the petioie, al-ons’ with bottom one-fourth of each horseweed. cot.ton. anti soYbean .ea 2. W255 .tj[afl5cts it:. 6.8 nil
of stlypho sate solution contained in a 7-nsl plastic via.lE Each
leaf was placed in an individual via). 4 commercial lot mu
lanon of the isopropylamme salt of glyphosare was diluted
in a 10 mief ammoniurn phospbat’ solution to give con
centrations of 0., 300, 600, a.nd 1,200 mg ae .l..:’ of gly
phosame. Vials were pins ed ira yrosetlu vlsainhct macnmamed

5 22 U r ii 0 a n c u c i pf ot t ( U
21 ..) ,i..niol m 2 a tO 75 5/i relative i••,, mid . fE 72 Ii

Additional solution seas added as needed to acuc lOUt lot
evaporation losses.

Vials were ictnoved from the gmowth chamber atfeu 72 ii
an.d percent leaf in.jur was assessed by overlaying a 1.25-
end ‘:cr’15s) or U.635cnE Ii,cseweedi grid quaeirat onto
Ivayes and. subtracting the number of squares contain.i.n.g ne
Itosis irons the rota1 nttln0et 5f squares tot rlue entire leaf
and. multiplying that value b lOt). Treatme.nts were at—
i sned n i mc pf t Is ra s ret d E n tor r r t
1t attncnts were a..tranged for hotseweed. biotypes so that
each replicate was from individual plants. Each treatment
was retalrearc d hi ut times, arsd each experiment was repeated.

In Viva Assay

I fIc “41 ‘0, f/i. SO] t 0 iii 1 11151
ionized wares; were used in all leaf disc assay evpeti.ment.s:

Ci i \f ‘aT I I jT J7 \ ,-,i 9 5 I I 20 i-Ic
rant solution solution A’ solution plus 4 ) mp a L

Is phocat sob mon sot i er’ B 1 28 ‘a hi droeblo rem V
(HCI) solution, 0,258c periodic acidi with 0.25%mera-
period.atet’ solution, and 0.6 M sodium h.ydroxide’0with.
I)22 .Nl sodium snlf’ totm I solution.

(Tip S3eczes ann1 (4rei’nI,canc Cd Bldg/nt:
For crop varieties and the ARE, ARS, DER. DES. MSR.

and MSS hotscweed hiorvpcs, 1 00 pJ of solutiorc Awas
added to each well of rows 2 through 8 of eiht-row, 96-
well mierotirer plates. In tow I of columns 1, 4, 7, and
10 of the 96-well plate, 100 1d of solution A was added to
each well, In rows 1 and 2 of columns 2. 3, 5, 6. 8, 9, 11
and 12, 100 1.d of solution B was added to each well, Be
ginning with row 2 of each column, 1:2 dilutions were per
formed down rise columns so that 84.5, 42.3, 21.. 1, 10,6,
5.3, 2.6, 1.3, and 0.7 mg ae L glvphosatc could be eval
uated , After dilutions. 100 ti of solution was removed from
the bottom row of each column and discarded so that each
well contained 100 pJ of solution, Lo)umns 1, 4 and 10
contai.ned solution A only and se.rved as a nonrre:sted con
ttOeaf

discs (4 win diam) were excised from the youngest
fully expanded leaves of the crops or the ARR, ARS. DEE.,
DES, MSR, anti MSS horseweed plants with a cork borer,
Discs were harvested parallel. to the midrib of corn leaves
I.-- 23 .fn in ength approximately halfs.vas’ between the leaf
ti and e.oilar. Di.scs were harvested irsterveno.usly from cot
I cci, d — —

is.

pI cm(l n web welt o triO 6 e11 rnueromuter plans One
,i,. s., -0 ..

hi woe I lie nuero ‘tc plates en.. e uc en w1rn trams1vurcot
tsla.sti vrtct’ and waled s.v:th a rubber hand te
cration, then incubated in. a gtowih Jiarsiher at 25 under
Co 5’ it’ io I 5k (2tifl u r 2 4 (
iSiS/i humidity, Aftsnr t.ncubat.icsts. piat.e.s were pi.ac.ed. i.n a
freezer i.—2.0 C) rintil solutions were froi.,erm. Plates were
thcmwed at 1,0 C. tot 15 rein in a torte -at rosen. hhze con
centration of shikimate in each well was measured according
to the pn cedrire of (Siomat tiered Polite idoOf). 5hikinare
was extracted Eons thit freen.,e-thawed leaf discs by ad.chng
2 n.h of 1.25 N lEd solntion to cath well and tnt ubatinit
r t’tcl tO o Dour fl,0 e..acocn Ada

a! i iast , so us ‘ ‘‘— each placTi in

‘.i 40 5Xeed Science 53 .luly_Augctst 1i0



corresponding well of another microritet plate that
rained I { tl of 0.2 SP’ periodic acid with 0.2 mets

“
erodate solutiOn. Pia’c svcre’ incubated at 22 (. tot PU

ruin.. 1 ()O_pl aliUnm 1) )vl sodinni itedroxiuc sriili
\ Inn i th ii d I h I

t ea(h plate. arid twoptk.ii dcnsirv at tin tws tnea
iii I ii \ ‘ I} I Ii d

Pt a
A shikimate’4 standard nrve was developed by adding,

k.nownatnot.tnts of sh.iki mate to wells containing leaf d.isc
not exposed to giyphosate to report shik.i mate ievel.s (Bg
shikirnate mi Rd solur.ion).

Plates we.re set up so that leaf discs played in each c.olurnn
were from a single pla.nt. i..ach5lyphosa.te conec‘ntration i.m
cluclin the nontrea.ted control was repeated thur times for
each crop variety and APR, ARS, DER, I) 1*5. .45 P. and

lSS not rtrx 1 1 d s

.‘jr individual plants rt ing as a block. I-ash experiment
was repeated

he/a /7’O?St’ttSt’d htiiflper

IC r the Bio 1, Biod , doS l3io4, BioS. Pied BioS, and
BioS horscweed hiotupes. five fPtn.nwdiam leaf discs were
harvested intervenously from t.he youngest fully expanded
leaves (‘ 5 cm length) of each biotype and placed in glass
20’-m i vials containing I ml of 42.3, 10.6, 2.6, or P3 tug
ae glyphosate P solution. Solution B sans diluted with so
lution A accordingly to develop necessa.ry givphosate
centration solutions. Vials were capped and transported back
to the lab Caps were removed and vials were placed in a
growth chamber maintained at 25 C under continuous light
(200 pmoi m- s” B for lb h at 75% relative humidity
After incubation, vials were placed in a freezer (—20 C) until
solutions were frozc.iu Vials were thawed at 60 C for 15 mm
in a forced-air oven. A 0. 5—mI aliquot of I 35 N HCI was
added to each vial, and vials were incubated at bO C. for 15
mit, A 25-pS aliquor front each vial was planed in an in
dividual well of a, 96-well inictoritet plate, a.nd the concem
tration of .shkimate was determined as described, above.

For the Biol, Bio2, BioS, Bio4, BioS, Bio6, Bio7, and
BioS horseweed hiorypes, vials and plates were arranged in
a randomized complete block design with individual plants
of each. biotype serving as a block for aH five plyphosate
concentration treatments. .Eaeh treatment was replicated
1*’ itt i lot each hi a ii anch h o \prime9t

Stati.stcai Analysis

jS L os lag a I Ii o7 u I a itty. anc
hiorvpc experiments wcrs subjected to an atialvsi.s of van
a.nce with the use of the general linear models’ proced.ure in
S.AS (19/h)). Means were .separated by Fishers Protected
LSD test a.t P 0.05. Data for glyphosate trea.tments of
leaf disc. cx.perinnents were presented. as amounr of shikimare
m,inns amount in nont.reatcd. check. for each replication
wirhin s”acoexperimertr. [cat disc data for thc ero variety

S t Si

‘[‘sic I , Effect of glvphosat.e conccnrrariett on ryrc.ertt necrosis
i On, rt an r I I teas rr ni It t ,rnx I itt

of c,nr’etsrintt:tl .trvi r+t’iIo’sie—rc’,.i,, tart corn. cotton. snd Sr’

Ahhreviarion.s: CR, t’Ii’irbosare-resi.sr.anr.; (53 canvenrionaf
Entire periole and botiotit one-third of nest ix’ostnge.sr leaf (second

cc Iexi’5 of three-lest” cotton and, soybean plants its1 top tO-cm .settrt’tctsr

t Ii’ latrs t t t

rita ISa atte, tnuitrptt’ne tO., t vaftte a iou.
SItan,,tssver’e descioped rtsrn dauhis-- tutu,-,] rater arid rite

ti I it

o surfactant),

biotype experiments were best fir to sigmoidal logistic re
gression equations (three-parameter) with SigmaPlot 200015
software. A sigmoidal logistic model (Equation I) (Seber
and Wild 1989) was used to relate shikinrate levels (Y) to
glyphosate concentration (X).

a/il (VRfit] [Ii

In this equation, a is the difference hersveen the upper and
lower response limits (asymptotes), Is the glvphosate rate
that results in a 0°”b redric fion irs slsikimate levels (isnJ. and
b is the slope of the curve around Pseudo R2 values were
calculated to asses.s the oodness of fit for the appropriate
equation. The .fo’ value was obtained he subtracting the ratio
of’ the residual stun of s’quares to the corrected total sum of
squares from 1.0. “fIn’ residual sum of squares was attributes)
to that’ variation nor expiained by the fitted line. The R2
and residual mean squares were used to determine the good
n.ess of fir to the regncssion model.

spots t:otsspared with. clx’ pf’tos’ate-resis’tat’it planes of al.i r.hrcc
.spcci.c.s at all glvphosatc rates. 1-lowever, risc 600 and 1,24)0
rig 1. rates of gl.yplrosate were more favorable for difffn
entiaring glyphosate-resistant plants front susceptible plants
(Thhie I). ‘Necrosis wa,s often located around the leaf tip and
leaf perimeter of corn lea.ves, whereas necrosis was distrib
tired uniformly over cotton and. soybean leaves. The leaf di1.s
assay clearly diiEeren 4 a red between sus;ccrs b lea ad lyp box-
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‘Leaf Dip Assay

Resuts and Discussion
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riei,is near \X’aii a, MS tI)eSoro Sun and one glyphosate’aissistanr sot -
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collected from roadside areas in Coahnma, Bolivar, and \Vlshington route

Greenhouse Jiorcewecd Biortpes
The interaction among horseweed hiotspes within gly

1)hosaiinresisranl and -‘susceptible horseweed types was nor
sItlniflcarst (P > O.O5)a rims, data were averaged across horse
weed hiorypes within resistant and. susceptible hor.seweed
rypcs. Leaves oC glvphosatmsusceptible [ants had more ne
crosis corrspared with, leaves of glyphoaate”resistant plants
across all Rivphosare rates (Table 21, MnIike the crops. rhe
30° ‘a I ii pis on w re o ft t ni ir1 ri i
susceptible and resistant hiohvpes hetrei. than the 600 and
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absorption and translocation study.

In Vivo Assay
(drop .Seczes

The in vivo assay clearly differentiated bersveen convets
nonal and GR crops. Leaf discs of conventional corn, cot
tOt), nd tt-’vhe-an accumulated shikima.te mn a dose-depen—
derst response to glyphosate treatment, -vs’heneas there was no
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